Diabetic retinopathy (DR) is a common microvascular complication of diabetes mellitus (DM) and is considered the leading cause of visual impairment in working-aged adults worldwide. The duration of DM and hyperglycemia have been associated with DR, although the exact role in the pathogenesis of DR and diabetic macular edema remains controversial. As a result, a reasonable question arising is whether control of blood glucose levels may alter the course of DR. Studies have shown that glycemic control remains an important factor for the presence and progression of DR. HbA1c seems to be an indicator which cannot demonstrate exactly the degree of glycemic control, while sudden variations of blood glucose may play an important role in DR; therefore, glycemic variability may be useful to predict DM complications, such as DR.
COMMENTARY
Diabetic retinopathy (DR) is a common microvascular complication of diabetes mellitus and is considered the leading cause of visual impairment in adult people of working age in developed countries [1] . DR currently affects almost 100 million people worldwide and is becoming an ever-increasing health burden, with estimates between 1990 and 2010 showing that DR-related visual impairment and blindness increased by 64% and 27%, respectively [2] . Several risk factors have been associated with DR, while good glycemic and blood pressure control are considered the most important modifiable risk factors to reduce the risk of progression of DR and vision loss [3] . However, recent studies have shown that the improvement in visual acuity and DR severity score after intravitreal anti-vascular endothelial growth factor (anti-VEGF) agents seem to be independent of baseline HbA1c [4] . Therefore, a reasonable question arising is whether glycemic control may alter the course of DR. This article is based on previously conducted studies and does not involve any new studies of human or animal subjects performed by the author. with type 1 and type 2 diabetes mellitus, respectively, with the decrease in the incidence and progression of DR [5, 6] . Specifically, in the DCCT, 1441 patients with diabetes mellitus type 1 were randomized to either ''intensive'' or ''conventional'' treatment and followed up for 6.5 years, showing that the ''intensive'' treatment group (mean HbA1c of 7.2%) had a 54% reduction in the incidence and a 76% reduction in the progression of DR, compared to the ''conventional'' group (mean HbA1c of 9.2%), while earlier tight control seemed to be more beneficial [5] . In their follow-up study, the Epidemiology of Diabetes Interventions and Complications (EDIC), patients from the ''intensive'' group maintained the reduction in risk for DR progression for 4 years, even though HbA1c levels in the two groups gradually converged [7] . This phenomenon could be described as ''metabolic memory'', which suggested the longlasting benefit of previously intense glucose control. Accordingly, the UKPDS, which involved 3867 newly diagnosed patients with type 2 diabetes mellitus, revealed that patients with intensive glycemic control with a mean HbA1c of 7.0% had a 21% reduction in the progression of DR compared to those with conventional glycemic control (mean HbA1c of 7.9%) [6] . Furthermore, in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) Trial, patients who had intensive blood sugar control with a target HbA1c level of below 6.0% presented a significantly lower rate of progression of their DR compared to those with a target HbA1c level of 7.0-7.9% (7.3% vs 10.4% progression) [8] . These findings were confirmed by a Cochrane review on intensive glucose control in patients with type 2 diabetes mellitus [9] .
Nevertheless, a disadvantage of tight glycemic control was an early initial worsening in DR status, reported in the DCCT, while hypoglycemic episodes were also common [5] . However, these observations were transient and reversed, while the long-term results were in favor of the ''intensive'' glycemic control. Therefore, the American Diabetes Association recommend that all patients with diabetes (type 1 and type 2) should strive to maintain HbA1c levels of below 7.0% to prevent or at least minimize the long-term complications of diabetes mellitus, including DR [10] .
Although the majority of studies have used HbA1c as an indicator of the degree of glycemic control, recently attention was paid to glycemic variability (GV), which refers to the oscillations in blood glucose throughout the day, including hypoglycemic periods and postprandial increases, as well as blood glucose fluctuations that occur at the same time on different days. In fact, HbA1c has major limitations and even in the best of circumstances provides only a simplified snapshot of glycemic control. On the other hand, glucose fluctuations have been proven to show a more specific triggering effect on oxidative stress than chronic sustained hyperglycemia does [11] .
Previous studies have shown that fasting plasma glucose fluctuation as well as marked daily postprandial GV was associated with diabetes-related cardiovascular diseases [12] . As far as DR is concerned, in patients with type 1 diabetes mellitus, Picconi et al. have shown that early structural damage of neuroretinal cells was related to glucose fluctuation and suggested that GV should be addressed even in the presence of good metabolic control [13] , in line with Virk et al., who found that greater HbA1c variability was a predictor for DR [14] . On the other hand, the DCCT group suggested that within-day GV does not play an apparent role in the development of microvascular complications beyond the influence of the mean glucose [15] . In patients with type 2 diabetes mellitus, fast plasma glucose (FPG) variability has been demonstrated to be a risk factor for DR independent of the mean FPG or HbA1c, particularly in cases of acute fluctuations and acute hyperglycemia [16, 17] .
It is worthy to mention that there is no clear consensus on the gold-standard method for measuring GV in clinical practice; however, numerous variability indices have been proposed. Some of them can be obtained by downloading self-monitoring blood glucose (SMBG) data, making them available not only to diabetologists but also to patients. However, SMBG may not be appropriate for assessing GV because of the high number of determinations which are needed to evaluate the required parameters, such as standard deviation (SD), mean amplitude of glucose excursion (MAGE), and continuous overall net glycemic action (CONGA). Additionally, other indices, such as continuous glucose monitoring (CGM), may provide information on daily glucose fluctuations and can show how those numbers are affected by everyday activities and stress levels, although they are usually particularly complex [18] . Overall, the methods used for evaluating GV represent a critical issue and have several limitations, which should be taken into account when interpreting studies evaluating the association of GV with diabetes mellitus complications.
In conclusion, glycemic control remains an important factor for the presence and progression of DR. HbA1c seems to be an indicator which cannot demonstrate exactly the degree of glycemic control, while sudden variations of blood glucose may play an important role in DR; therefore, GV may be useful to predict DM complications, such as DR. Further studies are needed to scrutinize the impact of GV in DR progression and in response to various treatment modalities for DR.
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